Presence of enrofloxacin residues in fish liver
INTRODUCTION
International trade in aquaculture has been growing continously in the recent years, and is expected to persist in the future. The variety of farmed aquatic species is now diversifying and fish farming is intensifying.
At the same time, increased incidence of disease, also due to intensive aquaculture, requires a more intense use of veterinary drugs and chemicals (Alderman, 1988; Baggot, 1977) . Nonetheless, relatively few drugs have been approved for use in aquaculture, so fish farmers might use unapproved or unidentified active substances.
The use of antibiotics and chemotherapeutic agents in animals intended for human consumption should be based on toxicological and pharmacokinetic data obtained for specific animal species considered. However, the present knowledge of antibacterial drug pharmacokinetics in differenet fish species is very poor. Most data on pharmacokinetics of fluoroquinolones refers to their application in aquaculture of salmon and trout while the data on pharmacokinetics in carp are practically unavailable (Lucchetti et al., 2004) . The availability of adequate data on the pharmacokinetics and bioavailabilities of antibacterial drugs in farmed fish is also important in order to minimize the environmental impact of the drugs used in aquaculture.
Quinolones are effective antibacterial drugs widely used both in human and in veterinary medicine for the treatment of various systemic bacterial infections (Brown, 1996; Ihrke et al., 1999; Tandriole, 1998) .
During the last few years enrofloxacin, a molecule belonging to the quinolone antimicrobial family, has received growing attention because of its potential efficiency for the treatment of diseases in fish (Bragg et Rocca et al., 2004 ). This drug is fluorinated quinolone carboxylic acid derivative, and it has been extensively used in veterinary medicine because of its broad activity spectrum (Drlica, 1999) . In mammalian and nonmammalian species, enrofloxacin is metabolised to ciprofloxacin, a metabolite that contributes to the activity of enrofloxacin and which is itself a potent antimicrobial agent. Some microbiological metabolic and pharmacokinetic aspects of enrofloxacin have been reported from previous studies on fish (Bowser et Steffenak et al., 1991) .
Depletion of drugs in fish must be assessed in order to determine the time needed before the antibiotic is eliminated from animal tissue and to assess in a definite way when the treated animal can be safely consumed.
The commission of the European Union establishes and periodically reviews veterinery drugs maximum residue levels (MRL) in food. MRL is defined (European Economic Commission, 2002) as the maximum concentration of residue resulting from the use of a veterinary medicinal product (expressed in milligrams per kilogram of body weight or micrograms per kilogram on a fresh weight basis), that may be accepted by the European Union to be legally permitted or recognized in or on food. It is based on the type or amount of residue considered to be without any toxicological hazard for human health, expressed as the acceptable daily intake (ADI), or is based on temporary ADI values that use an additional safety factor. It also takes into account other relevant public health risks, as well as food technology aspects. The Commission of the European Union has established MRL of 100 µg/kg -1 as the sum of the levels of enrofloxacin and ciprofloxacin in tissue (muscle plus skin in natural proportions) from fishes in general (European Economic Commission, 2002).
The aim of this paper is to investigate enrofloxacin residues in carp tissues (liver, kidney, muscle tissue) after a five-day oral application of the drug in therapeutic doses. Two analytical methods were applied for the purpose of investigation, microbiological (screening) method and high performance liquid chromatographic (HPLC) method with fluorescence detection.
MATERIALS AND METHODS
The experiment was carried out on 100 carps (Cyprinus carpio), body weight of 300±50 g. Carps were taken from the same fish pond and kept in basins with well water. Water temperature in the basins was maintained at 22±1 o C by the use of heaters with thermostats and the temperature was recorded twice a day. Fish were fed with complete extruded pelleted feed (25% proteins, 8% fat) regularly used at the fish pond. Fish were fed twice a day as they would be at the fish pond, at 9h and 14h. Animals were divided into two groups: control group (A) consisted of 30 specimens in one 100 L basin and experimental group (B) which was further divided into three 100 L basins, each of them contained 30 animals. For the first three days, fish were adapted to the new conditions in the basins. Starting from the 4 th day, enrofloxacin was administered to the experimental group in a concentration of 10 mg/kg b.w., i.e. 3 mg per fish. The drug was administered for five days orally twice a day at 9h and 14h. After the drug application, fish were kept in the test basin and if they discharged the drug through the gills they were eliminated from the experiment. From the 6 th to the 14 th day from the beginning of the treatment, i.e. from the 1 st to the 9 th day from the end of the treatment, three specimens were sacrificed from the control group and six specimens were sacrificed from the experimental group (2 from each basin). From each fish, dorsal muscle, liver and kidney samples were taken. Samples were frozen and kept at -20 o C until laboratory analyses.
Qualitative analysis: microbiological method
Standards were purchased from Sigma company -(USA) enrofloxacin and Bayer -Germany (ciprofloxacin). Test agar pH 8 was inoculated with Escherichia coli ATCC 11303. A working solution of E. coli ATCC 11303 was made with a freshly prepared culture. The culture was diluted in peptone-salt solution to give an optical density of 0.452 at 620 nm in a 10 mm cell, with the use of peptone-salt solution as a reference. Sterile petri dishes were filled with inoculated test agar. All the plates were subjected to quality control. Paper disks containing 0.003 µg of ciprofloxacin per disk, or 0.006 µg of enrofloxacin per disk (Mast diagnostic, Mereyside) were placed in the center of the petri dish. Detection levels of plate pH 8, E. coli ATCC 11303 were previously determinated (Petrovic et al., 2006): 50 ng/g for enrofloxacin and 25 ng/g for ciprofloxacin. Meat, liver and kidney were frozen at the moment of application. An 8 mm diameter cork borer was used to remove a cylinder of frozen samples. The meat cylinders were cut into 2 mm thick disks. Four disks of meat were placed on opposite ends of the plate. Each sample was examined in 12 replicates. The plates were kept refrigerated (4-6 o C) for 2 hours and then incubated at 37 o C for 24 h.
After incubation the plates were inspected for inhibition zones around the meat disks and average inhibition zone for all 12 replicates was recorded (2 mm width was considered positive).
Quantitative analysis -HPLC with fluorescence detection
Methanol, acetonitrile, n-hexane, and phosphoric acid were purchased from J. T. Baker (Holland). Enrofloxacin and ciprofloxacin analytical standards were purchased from Sigma Company -USA. All the solvents were of HPLC purity.
Liquid chromatography (Ramos et al., 2003) with fluorescence detection at excitation wavelenghth of 280 nm and emission wavelenghth of 450 nm was used for the determination of enrofloxacin and ciprofloxacin residues in meat, kidney and liver. Detection limit is 10 ng/g and quantification limit is 20 ng/g.
Enrofloxacin and ciprofloxacin were isocratically eluted in 7 to 10 minutes. Waters "Sunfire" column, C18, 150x4.6 mm, 3.5 µm particle size was used for separation at flow rate of 0.8 mL/min. The mobile phase (0.01 M posphoric acid (pH=3)/acetonitrile; 80:20 v/v) was used to elute both compounds. Quantification was performed using the external standard method and results were obtained from the calibration curve of blanks fortified at four levels. Tables 1-2 and Fig. 1-5 . All investigation results on the size of the inhibition zone on test-agar pH=8 inoculated with E. coli ATCC 11303 were 100% positive up to the 9 th day after the end of treatment. On the 10 th day, inhibition zones were determined in two (16.66%) samples of liver and kidney and in one muscle sample (8.33%). Inhibition zones decreased in liver from 12.60±0.46 mm (1 st day) to 6.60±0.61 mm (9 th day), in kidney from 9.40±0.77 (1 st day) to 6.20±0.35 mm (9 th day) and in muscle from 9.70±0.48 mm (1 st day) to 6.05±0.50 mm (9 th day). Table 1 shows statistical significance of the differences of inhibition zones sizes due to the presence of enrofloxacin residues in analysed tissues. Except for the 7 th day from the end of the treatment, size of the inhibition zones was significantly higher (p£0.01) in the liver compared to kidney and muscle tissue. Figure 1 shows the comparative (liver, kidney and muscle) sizes of the inhibition zones from the 1 st to the 10 th day after administration of enrofloxacin.
Statistical analysis
Enrofloxacin residues were quantitatively measured by HPLC method in target tissues from the 1 st to the 9 th day after the treatment. On the 10 th day, concentrations of enrofloxacin were below the quantification limit (20 mg/kg) and on the 11 th day, concentrations were below detection limit of the analytical method (10 mg/kg). Enrofloxacin concentrations decreased from the 1 st to the 9 th day in the liver from 940.91 ± 9.51 mg/kg to 30.50 ± 2.08 mg/kg, in the kidney from 900.10 ± 10.65 mg/kg to 38.51 ± 2.77 mg/kg and in muscle from 822.88 ± 12.38 mg/kg to 34.68 ± 2.84 mg/kg (Table 2) . Ciprofloxacin was not determined in the investigated samples. th day and in kidney on the 7 th day after the treatment. Muscle tissue contained enrofloxacin below MRL (100 mg/kg) on the 9 th day after the treatment. Decrease of enrofloxacin levels from the 1 st to the 9 th day is shown in Figure 2 . From the studies stated above, it can be concluded that numerous factors have an influence on the pharmacokinetics of enrofloxacin such as route of administration (parenteral, oral, in water), fish species, water temperature, length of therapy, therapeutic dose etc. This is the main reason why data on persistance of residues of enrofloxacin and its metabolites (especially ciprofloxacin) are difficult to compare. Therefore, it is hard to determine the withdrawal period and pharmaceutical companies do not specify the withdrawal period for enrofloxacin in fish treatment (Luccheti et al., 2004) .
Commission Directive (EEC) No 22/2001 (EEC 2001) provides a minimum withdrawal period of 500 o C -day for any type of product that is administered offlabel and for which no other information is available.
According to our data, on the first day after treatment, the highest concentration of enrofloxacin was found in liver (940.91±9.51 mg/kg), then in kidney and muscle (900.10±10.65 mg/kg) samples. Although the differences in concentration of enrofloxacin are statistically significant (p<0.01), they are not as evident as is the case with enrofloxacin distribution in the tissues of broiler chicken.
Petrovi} et al. (2006) determined that on the 1st day after treatment, enrofloxacin concentration in liver samples was 2.07 times higher then in the breast muscle of broilers. On the 1st day after treatment the presence of ciprofloxacin was not determined in the analysed fish tissues. Our results show that enrofloxacin content in liver sharply decreases after the 2nd day of treatment, and in the kidney and muscle after the 3rd day (Table 2, Figure 2 ). Enrofloxacin concentration below MRL (200 mg/kg) was determined in the liver 6 days after treatment and in the kidney 7 days after treatment. In muscle tissue, enrofloxacin concentration was lower than MRL (100 µg/kg) on the 8th day after treatment.
According to the results obtained by Lucchetti et al. (2004) , ciprofloxacin was not determined in trout tissue in 265 o C/days. Enrofloxacin concentration was constant up to 26.50 o C/days and then it plummeted down to 265 o C/days.
Further concentration decrease in fish muscle was very slow and at 708 o C/days enrofloxacin concentration was below MRL (Steffenak et al., 1991) .
In the previous study (Steffenak et al., 1991) in which salmon in seawater at a temperature of 6 o C were treated with enrofloxacin at 10 mg/kg for 10 days, muscle tissue contained 6 µg of drug per kg 60 days after the end of the treatment.
The results of Lucchetti et al. (2004) show that after 59 days the concentration of enrofloxacin in trout muscle treated with the same dose of the drug while kept in water with an average temperature of 13.3 o C was 100 µg/kg.
We can conclude from these results that elimination of enrofloxacin was less rapid in trout compared to salmon and even less in carp. This shows that the elimination of the drug from fish tissues depends not only on water temperature, but also on fish species which was also determined in the case of flumequine (Malvisi et al., 1997) .
Studies on the pharmacokinetics of enrofloxacin in a variety of fish species, mainly salmonids, treated by the oral or the parenteral route at doses ranging from 5 to 50 mg/kg have been published (Intorre et Results of the screening method are manifested by the presence of inhibition zone, which is proportional to the quantity of antibiotics in samples (liver, kidney, muscle). Therefore, the results of the screening method are not only qualitative but also semiquantitative.
The results show that the sizes of inhibition zones are different depending on tested tissue and that the zones decrease from the 1st to the 9th day after treatment (Table 1, Fig. 1 ). Inhibition zones are larger in liver than in kidney and muscle samples which is the consequence of the higher concentrations of enrofloxacin in the liver. This was confirmed by HPLC method. We also observed a certain irregularity in the decrease of enrofloxacin concentration in investigated tissues which can be explained by the imbalance in fish weight, therefore the differences in the quantity of administered drug per weight unit, as well as by the differences in the quantity of taken feed. CONCLUSIONS 1. After the 5-day oral treatment of carps, enrofloxacin residues in tissues were determined up to the 10th day after the end of the drug application.
2. Enrofloxacin content determined by the HPLC method was lower than MRL; drug residues were determined in liver on the 6th day after treatment, in kidney on the 7th day and in muscle on the 9th day after treatment.
3. The results of enrofloxacin residues determination by screening method on the medium with E. Coli ATCC 11303, pH8 show that this procedure can be used for qualitative determination of enrofloxacin. Screening method allows determination of enrofloxacin in fish tissues below the MRL. 
